During studies on methods for the isolation of Brucdla from blood by Pickett and Nelson (1, 2), it was noted that in broth media, inoculated with lysed blood and incubated at 37°C., a turbidity consistently developed which had the appearance of bacterial growth, but from which bacteria could not be isolated. Microscopic examination of the turbid broth revealed many organized, microbial like elements surrounded by some poorly defined materials. It was impossible, on the basis of microscopic appearance alone, to distinguish the organized elements observed from L forms of bacteria. Because L forms, on occasion, were isolated from blood cultures, it was imperative to distinguish between bacterial L forms and those microscopically similar elements of non-bacterial origin. L forms were considered present in blood cultures only if typical L colonies, reacting specifically with appropriate antisera, could be isolated and transferred on soft agar.
15 ml. of a nutrient broth (Difco heart infusion) in each case. Whole blood required 10 to 30 days' incubation for visible turbidity to develop, washed erythrocytes (collected in ACD 1 solution and washed twice in saline) only 48 hours. Lysates prepared by lysing washed red cells with I0 volumes of distilled water gave rise to turbidity in 24 hours. The lysates could be filtered through sintered glass filters (Coming UF) to remove bacteria and other particulate material without loss of the ability to form turbidity within 24 hours. Filtered lysates (hereinafter referred to only as lysates) were used as inocula in all subsequent studies. In all cases rigid bacteriologic control was maintained to preclude the possibility that the turbidity observed was due to bacterial contamination.
Micros¢opy.--Wet mounts were examined under the phase microscope or with the light microscope employing l:100,000 Janus green B in the mounting medium. Dry preparations were made with formalin-fixed material and stained by various bacteriologic and hematologic stains.
RESULTS
Extensive microscopic observations revealed minute refractile granules and slender beaded filaments in wet preparations of whole blood. These elements became more numerous with incubation and, at the same time, the number of intact erythrocytes decreased. M a n y of the elements were attached to red cells and red cell ghosts.
Neither unincubated red cell lysates nor sterile filtered broth contained particles visible with the light microscope. Electron micrographs of raw lysate revealed dense masses of opaque material. Wet mounts of broth which had been inoculated with red cell lysate and incubated 24 hours revealed many small granules, 0.3 to 0.6 microns in diameter (Fig. 1) . Electron micrographs of this material showed chains and clumps of bodies which closely resembled P P L O or L forms of bacteria (Figs. 2 and 3) . Some larger bodies (2 to 6 microns in diameter) were occasionally found in the sediment which formed at the bottoms of the culture tubes.
Organized elements, consisting basically of spherical particles arranged singly, in pairs, triads, and chains, always developed when lysates were incubated in broth. The particles were of uniform morphology though variable in size, and they could easily be distinguished from the randomly arranged structures typical of protein precipitates.
Fracgonation of Red Cell
Lysates.--Once it was found that the factor, or factors, responsible for the development of turbidity in broth were present in filtrates of lysed red cells, an attempt was made to purify the active material.
An aliquot of clear filtered lysate was placed in a Spinco preparative centrifuge and subjetted to 30,000 g for 10 minutes. Tiffs treatment resulted in the formation of a clear red supernatant and a small amount of white sediment. The supematant was separated and the sediment resuspended in a volume of broth equal to the original amount of lysate Both preparations were again filtered through sintered glass filters (UF). Thioglycollate broth was inoculated with each filtrate and incubated at 37°C.
The amount of visible turbidity which formed on incubation was approximately four times as great from the filtrate of supematant as from an equal amount of filtrate of the sediment.
The supernatant from the first ultracentrifugation was recentrifuged for 24 hours at approximately 130,000 g. This treatment resulted in the formation of five fairly distinct layers: the top, Clear and colorless; the next, slightly pink; a third, distinctly red; the fourth, dark red; and the fifth, a white sediment. Each layer was carefully separated (the sediment was resuspended as before) and filtered. Thioglycollate broth (15 ml.) was inoculated with 0.1 ml. of each fraction.
The resultant turbidity from 0.1 ml. of the dark red (fourth) layer was greater than that from 0.1 ml. of the original filtrate, indicating that the active principle of the lysate had been concentrated with the hemoglobin. The first and second layers did not yield turbidity; the third, and the sediment each gave rise to moderate amounts. Electron micrographs of the dark red fraction showed a homogeneous mass of protein arranged in units of approximately 200 A diameter.
Conditions for the Development of Turbidity.--The fact that turbidity occurred only in association with red cell lysis suggested that a non-specific release and precipitation of intraceUular material was responsible. Certain findings, however, indicated that something more than mere precipitation of cellular materials was involved. An extremely small amount of cellular material (0.01 ml. of filtrate of hemolyzed erythrocytes), was able to produce visible turbidity in 15 ml. of broth. Intact cells or cell stroma, representing most of the microscopically visible particulate matter in blood, was not required. The conditions and time for development of turbidity were critical and reproducible and were those often associated with enzymic reactions.
Spexivs:
Red cell lysates were made from the blood of several species of vertebrates. Tubes of Difco heart infusion broth were inoculated with graded amounts of each preparation and incubated at 37°C. The results are presented in Table I . The lysates of all species tested gave rise to some turbidity in broth. The amount and rate of development of turbidity, under the conditions specified, varied for different species. Table H summarizes the studies on temperature. The optimal temperature for rapid formation of turbidity in broth was 37°C. for all lysates regardless of the species from which they were obtained. Some clouding of broths inoculated with lysates occurred immediately following exposure to temperatures of 56°C. or above, but typical turbidity did not occur. The tubes incubated at 0-4°C. remained clear (at this temperature) but would yield turbidity at any time up to 2 months if the temperature was raised to 37°C.
Temperature:

Hydrogen io~ concentration:
The effect of pH on the development of turbidity in broth inoculated with red cell lysate may be seen in Table III Media: The media employed have been essentially those used for the cultivation of bacteria. They ranged from relatively complex (Brewer's thioglycollate) to simple ones (1 per cent peptone water). Turbidity from red cell lysates developed in all, although more rapidly and in greater quantity in the more complex media. Distilled water and physiologic saline did not support the development of turbidity, nor did a medium containing only amino acids and salts (Difco TC 199) . 
2+
All inoculations into 15 ml. Difco heart infusion broth, p H 7.0. 1 -6 + , amount of turbidity.
The inoculation of agar plates (0.7-1.5 per cent agar) with suspensions of 24 hour turbid broths, previously inoculated with red cell lysates, resulted in the development on the agar surface of aggregates of particles which resembled "L" or "T" colonies of bacteria (5, 6) (Fig. 4) . Similar "colonies" often developed on plates inoculated directly with 0.1 ml. lysate. These "colonies" could be distinguished from microbial forms, because they could neither reduce tetrazolium salts, nor be transferred singly to fresh plates. A suspension of the entire plate "growth," or a large inoculum obtained by scraping the surface of the plate would often yield a few additional "colonies" on transfer to fresh media. Such colonies did not represent progeny of the colonies on the primary plate, but rather new particle formations probably made possible by an agregation of protein molecules previously dispersed over the surface of the original plate.
Amount o.f inoculum: With inocula of less than 0.5 ml. per 15 ml. of broth, the amount of visible turbidity varied directly with the amount of lysate. Fig. 5 shows the turbidity formed in thioglycollate broth with three different inocula. Time: The first 24 hours' incubation of a lysate in broth was characterized by the development of turbidity similar to that seen in bacterial cultures. Occasionally some of the material causing turbidity became attached to the test tube walls. With continued incubation some settling of material occurred. A membrane (Fig. 7) usually formed on the surface of the medium during the latter stages of incubation. Inoculum, 0.1 nil.
Medium, 15 ml. Difco heart infusion broth. * If after 60 days the temperature was raised to 37°C., 2 + turbidity occurred within 48 hours.
~t No further change occurred at this temperature.
Physical conditions: A large surface area favored membrane formation. The dry weight of membrane was proportional to the surface area of the medium. In tubes of thioglycollate medium containing agar, or in nutrient gelatin, the "growth" was concentrated in discrete aggregates within a subsurface band. These aggregates resembled colonies of bacteria (Fig. 8) . It should be noted that uninoculated thioglycollate broth on prolonged incubation gradually forms a precipitate which can be differentiated from the material developing in broth incubated with lysate by heating at 80°C. for 30 minutes. Turbidity due to non-specific precipitation of the medium dissolves and the medium cleaxs, whereas turbidity resulting from the incubation of lysate remains.
Inhibition of the Development o/ Turbidity.--Antibiotics:
Within the limits of their solubility, none of the antibiotics commercially available had any effect on the development of turbidity from red cell lysates.
Heat: Broths inoculated with red cell lysates and held at temperatures of 5O°C: or above for 30 minutes did not develop typical turbidity consisting of visible elements. Denaturation and coagulation of the proteins present did result in' an immediate clouding of the medium. Enzymes: Ribonuclease and deoxyribonuclease were without visible effect on the development of turbidity in broth. Trypsin added to media before inoculation with lysate prevented turbidity; if added after turbidity developed, the particulate material dissolved. Serum: In broths inoculated with intact red cells normal serum (calculated at 1:5000) was able to retard cell lysis and the subsequent development of turbidity. Serum in dilutions of 1:10-1:1000, depending on the amount of inoculum, also inhibited the development of turbidity from lysates (Fig. 6) . The highest dilution of serum capable of preventing turbidity from lysates varied for different individuals and species supplying the serum.
Chemicals: Several compounds were tested in broth for their effect on turbidity and membrane formation from red cell lysates. The results are presented in Table IV . Formaldehyde, cyanide, and nitrite were inhibitory; phenylhydrazine, profiavine, dinitrophenol, aniline, and deoxyribonucleic acid (DNA) stimulatory. No compound was considered stimulatory unless the turbidity consisted of particles of characteristic morphology. 
Readings are at 48 hours' incubation.
1-5-4-, amount of turbidity; 1-5M, amount of surface membrane.
Volume of broth, 15 ml. Inoculum, 0.1 ml. lysate. * Not molar, additions of 0, 5 nag., 2.5 rag., 1.0 rag., 0.5 rag., 0.1 rag., respectively. ~t General Biochemicals, Inc., Chagrin Falls, Ohio. § Yeast RNA.
Chemical Analyses.--Inoculum: An analysis of the red cell lysates showed that they were essentially pure protein. Although quantitative measurements were not made, it was assumed that the protein was primarily hemoglobin. The results of these analyses m a y be seen in Table V .
Turbidity: The composition of the elements comprising the visible turbidity formed in broth inoculated with red cell lysates is also presented in Table V . Measurements were made on the trichloroacetic acid (TCA)-precipitable material. When radioactive labelled amino acids were added to broth media, subsequently inoculated with lysate and incubated at 37°C., they were not incorporated into the TCA-precipitable proteins. This indicates that no exchange or uptake of amino acids from the broth occurred during incubation.
Membrane: Labelled amino acids were also not incorporated into the membranes which formed on the surface oi media inoculated with red cell lysates and incubated at 37°C. Amino acids from the inocula were found in the membranes. Chromatographic studies indicated some differences in composition of the lysate, membrane, and TCA-precipitable protein from incubated broth 
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Lipide p~e~t
1.6
* This value is slightly higher than expected for hemoglobin and may indicate the presence of other substances. (Fig. 9) . The membranes were not visibly affected by 10 per cent acetic acid, 1 per cent sodium hydroxide, acetone, or alcohol. They were readily dissolved by 1:250 trypsin.
The Dewetopment of Particles from Cells Other Titan Erythrocytes.--As the incubation in broth of a variety of tissues for bacteriologic study often reveals non-subculturable turbidity, an attempt was made to demonstrate particle development from the cytoplasm of mammalian ceils other than erythrocytes.
Freshly lyophilized, minced rat liver (which had been perfused with saline to remove blood) was powdered with a mortar and pestle. Approximately 200 rag. of the powder was suspended in 10 m]. of heart infusion broth and allowed to stand at 0-4°C. for 4 hours. The suspension was centrifuged and the supernatant filtered through a UF sintered glass filter. Varying amounts of the colorless filtrate 0.01 to 0.5 ml.) were employed as inocula for tubes of thioglycollate and heart infusion broth.
Turbidity developed in both media and the amount formed was equal to or greater than that formed with comparable amounts of red cell lysates. Electron micrographs showed that the particles developing from liver were morphologically similar to those from erythrocytes.
Various tissues d the rat, prepared as above, were compared for their ability to produce turbidity in broth. The results are presented in Table VI . Tissues that were stored in the dry powdered state lost most of their particle-forming activity over a period of 6 weeks. 
DISCUSSION
Recognition of coccal particles and fibrous elements in blood preparations is not an original observation. Such elements have been observed since 1907, when Nuttall and Graham-Smith (7), while investigating canine piroplasmoses, noted the formation of filaments, vesicles, and beaded structures in dark field preparations of dog blood. Later they showed that the blood of various mammals and fowl contained similar elements which appeared on heating and so were "artefacts."
In the half century which has elapsed since Nuttall and Graham-Smith's observations, many authors have written of pleomorphic elements (primarily in blood preparations) which develop from cells under a variety of circumstances. Elements like those described have been considered both as causative agents of numerous diseases and simply as "artefacts" (see Table VII ). Recently, the granules and filaments of blood have been collectively referred to as "hematexoides" in a review by Bessis (8) , who concludes that the elements originate from red cells, but that their nature and function are obscure.
The extreme pleomorphism exhibited by the structures formed in broth preparations containing intact erythrocytes was not typical of those formed from filtered lysates. Preparations with lysates contained basically coccal elements. Fibers of the type found in the membranes were the only non-coccal elements present. The pleomorphism seen in the whole cell preparations ap- It has been possible to show apparent replication in broth of the particles from lysates by centrifuging out the particles formed under optimal conditions and then reincubating the clear supematant. Turbidity again formed though the quantity of particulate material seen was less than in the first incubation. Another experiment suggesting replication involved a comparison of the amount of turbidity present in a series of dilutions of preincubated lysate (in broth) with a series in which the inoculum was diluted before incubation. The lysate incubated under optimal conditions before dilution always showed turbidity at a higher dilution than did lysates diluted before incubation. Experiments like these can easily mislead one into believing that he is dealing with living organisms. However, it can be shown that variations in pH, ionic strength, and possibly enzyme concentration during dilution are the most probable causes for variation in particle number under seemingly identical circumstances. Direct transfer of single colonies from solid medium to solid medium, without interim incubation or suspension in fluids containing biologic material, will distinguish most bacterial forms from those elements which result from the incubation of cytoplasm. The reduction of tetrazolium salts will also serve to distinguish viable micoorganlsms from non-reducing cellular materials.
The existence of extracellular, pleomorphic, microscopic elements in certain in vitro preparations of tissues, therefore, appears to be well established. The present communication demonstrates that filaments and granules, of the type described by others using whole cells, will develop in vitro in bacteriologic media inoculated only with cellular proteins.
Because the development of particles from cytoplasm occurred in vitro only in the presence of bacteriologic media, it would seem reasonable to suppose that some interaction between one or more constituents of the broth and the cytoplasmic proteins was necessary for particle development. Solutions of salts and/or amino acids did not support the development of turbidity, nor were radioactive labelled amino acids incorporated into the particulate material which formed in broth. Therefore, the limiting component of broth was something other than the salts or amino acids.
The results presented in Table IV indicate that DNA and compounds having an aniline structure stimulate the development of turbidityfrom red cell lysates. It would seem reasonable that compounds with similar chemical configurations might be present in trace amounts in the various protein digests used in bacteriologic media, and that it was these compounds which were able to initiate particle development.
Aniline compounds have been reported to stimulate the formation of Heinz bodies on the surface of erythrocytes in vitro (9) . Although yeast extract in saline would not support the development of turbidity with red cell lysates, good particle formation occurred when the aniline dye, Janus green B, was added to lysates in a concentration of 1:100,000. This finding indicated that the an]Hne type structure could function as an initiator of particles from red cell lysates, as well as an initiator of similar spherical bodies (Heinz bodies) on the surface of intact erythrocytes.
The fact that an enzyme inhibitor like cyanide was able to inhibit turbidity suggested that enzyme action was required for particle development. This was further suggested by the necessity for biologic conditions of temperature and pH. If such enzymes exist in cytoplasm, they most probably belong in the category of cathepsins which are known to function in cell deterioration and, at the same time, to have polymerizing properties (10) .
The results of this investigation bear directly on two apparently unrelated areas of biology. The findings presented should help to clarify some of the controversies dealing with the isolation of bizarre microorganisms from tissues, and should help to resolve the diagnostic problem posed by seemingly positive blood cultures which fail to yield recognizable microorganisms. Secondly, and perhaps of more immediate importance, the system discussed demonstrates that units of biologic material of macromolecular dimensions can be organized in vitro into structures of microscopic size. Further studies on the properties of the particles and the mechanism of their formation are dealt with in the second paper of this series. SUMMARY A system is described in which microscopically visible particles develop from cytoplasmic proteins incubated in v/ire. The conditions required for the development of particles are those usually associated with enzymic reactions. The particles are believed to develop as a result of enzyme action on cytoplasmic proteins in the presence of compounds having certain specific chemical configurations. The relation of the particles to various "microorganisms," described in the literature as etiologic agents of disease, and to the problem of seemingly positive blood cultures is discussed.
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